Abstract The resting membrane potential of S-A node cell was investigated by observing the response of the membrane potential to change in [K+] o or [Cl-] o under the presence or absence of Na ion.The slope of the change in membrane potential per decade change in [K+] o increased from 12.3 to 44 mV by removal of Na ion from the external medium, suggesting an extensive contribution of Na ion to the resting membrane potential.To determine the relative conductance between Na and K ions,Cl ion in Tyrode solution was substituted with SCN ion,which is 2.1 times more permeable than Cl ion,in order to eliminate the contribution of Cl concentration cell to the resting membrane potential. The contribution of the Cl ion to the resting membrane potential could be examined only in Na-free medium.Acetate ion has been reported to be 0.5 times less permeable than Cl ion.The replacement of Cl ion by acetate ion in various proportions caused a transient depolarization.The slope of this transient depolarization per decade change of [Cl-] o between 10 to 100mm was determined to be-6.8mV. Under the assumption that the resting membrane potential could be determined by the parallel concentration cells for Na,K and Cl,relative conductance ratio between K,Na and Cl was calculated to be 1:0.58: 0.15.
In normal Tyrode solution,the resting membrane potential of a quiescent sino-atrial(S-A)node cell range between-30 and-50mV.The response of the membrane potential to change in extracellular potassium concentration, [K+] o, is much smaller than that anticipated by the K-concentration cell hypothesis,but it becomes much larger in Na-depleted medium.These findings have been explained qualitatively by the strong contribution of Na ion to the mechanism of the resting membrane potential (NoMA and IRISAWA,1975; IRISAwA et al.,1975) .
The other possible explanation for the lesser effect of change in [K+] o in normal Tyrode solution is that the resting membrane potential of an S-A node cell may also be affected by the Cl concentration cell.DE MELLO(1963)observed a slight depolarization when the S-A node cell was transferred from Tyrode solution to sucrose solution and suggested that the contribution of Cl ion to the resting membrane potential of S-A node cell was relatively small . All these observations suggest that the resting membrane potential in the S-A node cell might be highly permeable to Na ,K and Cl ions.Hence,an attempt was made to determine the relative proportion of the membrane conductance among Na,K and Cl in order to elucidate the mechanism of the resting membrane potential of S-A node at a relatively low level . Electrical measurement.A conventional 3M KCl-filled microelectrode was used.The resting potential was monitored simultaneously by both a cathode-ray oscilloscope and a strip chart recorder.The reference electrode was clamped at the ground potential by a feedback circuit (HAGIWARA et al.,1971 pH was adjusted by glacial acetic acid. pH was adjusted by glacial acetic acid.
METHODS

RESULTS
Tyrode solution
In quiescent S-A node cells,the resting membrane potential ranged between membrane potential was explored( Fig.1 Since the membrane potential of the S-A node cell is maintained by concentration cells of several ions,the simple way to evaluate the proportion of conductance taken by each ion is to eliminate the contribution of one ion to the membrane potential and to observe the resultant change in membrane potential.If a certain anion is much more permeable through the cell membrane than Clion,replacement of Cl with such an anion could result in cancellation of contribution of Cl concentration cell to the resting membrane potential.As a result,one could observe the resting membrane potential which is maintained by Na and K concentration cells.Another benefit of Cl substitution is that the effect of any electrogenicity due to the action of Na-K pump in S-A node cell would be extensively diminished. The membrane conductance in SCN Tyrode solution has been shown to be 2.1 times higher than that in Tyrode solution (SEYAMA,1977) .When the Clion was replaced with the SCN ion,the spontaneous beating of the S-A node faded away permeability (REUTER and SEITZ,1968; MEECH,1972; IRISAWA and NOMA,1976 of replacement of Cl with a less permeable anion.Because acetate ion has been reported to be 0.5 times less permeable than Cl ion (SEYAMA,1977) ,transient change of membrane potential by replacing Cl with acetate in various proportions has been examined in a Na-free medium to elucidate the contribution of Cl to the resting membrane potential.When the S-A node was subjected to a Na-free medium for a long time,the cell might deteriorate so that sometimes there was no response to Cl replacement.Therefore,in this experiment,after each Cl replacement was made,the perfused solution was switched back to the normal Tyrode solution to keep the membrane condition well and to recover the normal ionic composition in the intracellular compartment.The concentrations of Cl ion employed in this experiment were 100,30,10 and 1mM (Fig.5) .In Na-free medium,replacement of Cl with acetate at 2.7mM-K caused a transient depolarization due to the movement of Cl from the intracellular compartment.The amount of transient depolarization was dependent on the proportion of Cl replacement.The slope per decade change of Cl ion was estimated to be-6.8mV on the average (Fig.6 ). In the cell which had been hyperpolarized beyond-80mV,transient depolarization on transferring the cell into Cl-depleted medium was small.This phenomenon suggests that the inside negativity may repel Cl ion from the intracellular compartment so that movable Cl ion inside the cell may become small.In order to enhance this transient depolarization by replacing Cl,a similar experiment was done at the 50mM-K.However,in five cases transient depolarization due to the movement of Cl from the intracellular compartment was not observed, and in three Transient depolarizations caused by substitution of Cl with acetate at various proportions in Na-free medium.To preserve the good condition of the membrane,after each Cl replacement,the Na-free perfusing solutions were switched back to the normal Tyrode solution.The experiment was carried out continuously on the same cell.Panels from top to bottom indicate the chronological order of the experiment.During perfusion of Tyrode solution,this particular cell exhibited arrythmia or subthreshold oscillation. Since the amplification used was too large for the chart recorder to cover the entire membrane potential change,a part of action potential(the second panel from the top)was not shown.In each panel,the sequence of application of solution is1)Tyrode solution, 2)Na-free Tyrode solution([Cl-]o=144mM),3)Na-free solution containing various
cases even a small hyperpolarization was recorded.
The relative magnitude of Na,K and Cl conductance The obtained results indicate that Na,K and Cl ions contribute to the resting membrane potential of S-A node cell.If Na,K and Cl concentration cells are assumed to be the main source of membrane current and these cells are arranged in parallel,the membrane potential(V)in the absence of external current can be expressed as where VK,VNa,and VCl indicate the equilibrium potential for each ion shown in suffix.According to DE MELLO(1960) ,VK and VCl are taken as-102 and-37 mV,respectively.VNa was assumed to be 50mV.When the Cl ion was substituted by the SCN ion,the SCN ion was assumed to be distributed in such a way as to coincide its equilibrium potential with the membrane potential in SCN Tyrode solution because of the high permeability of SCN.Therefore,membrane potential under this condition,V',will be expressed as
The resting membrane potential in quiescent S-A node in Tyrode solution was estimated to be-40mV in this experiment.Replacement of Cl with SCN caused the membrane to hyperpolarize by 5mV.Resting membrane potential in SCN Tyrode was-45mV.When all necessary values were put into Eq.(2),gNa= 0.58gk.
In Na-free medium,membrane potential might mainly be maintained by both K and Cl concentration cells.To obtain the relative conductance between K and Cl,the equations by HODGKIN and HoROwICZ(1959) Fig.3 ,and when the slope of change of the membrane potential between 10-100mM-Cl under constant [K+] o is constant (BROWN et al.,1970) ,for a small change from an equilibrium state , V and V is expressed in mV,
In a Na-free condition,the slope per decade change of [K+] oand that of[Cl-]o were 44 and-6.8mV,respectively.Thus,TK=0 .72,Tr,=0.11.Therefore.
If the membrane property and the intracellular ionic composition were not affected by subjecting the S-A node cell to solutions containing various foreign ions,the relative conductance ratio of the S-A node cell membrane at the resting membrane potential to Na,K and Cl can be expressed as gx gNa:gcl=1:0.58:0.15 DISCUSSION From this experiment,it has been found that major ions contributing to the concentration cells of the resting potential in the S-A node cell are K and Na. In Tyrode solution,the membrane potential of the quiescent S-A node cell changes with change of[K+]o by 12.3mV for a decade change of [K+] o over a range from 10.8 to 50mm-K.In Na-free medium it changes by 44mV.These findings are in well accord with the previous results (TRAUTWEIN and KASSEBAUM,1961; NOMA and IRISAWA,1975; IRISAWA et al.,1975) .In the S-A node cell,the membrane conductance taken by Cl ion is calculated to be about 9% of the total conductance at the resting membrane potential. HUTTER and NOBLE(1961) pointed out that in Purkinje fiber,Cl ion carry at the most 0.3 of the total membrane current in resting condition. CARMELIET(1961) 
